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ITEM:

VALVE, ONE INCH LQ2Z FEEDLINE RELIEF SHUTOFF, PMNEUMATICALLY ACTUATED
CLOSED, NORMALLY OPEN (PVT)

FUNCTION:
I30LATES THE LO2 PROPELLANT FEED SYSTEM FROM THE FEEDLINE RELIEF SYSTEM
MAINTAINED CLOSED FROM START OF PROPELLANT LOADING UNTIL MECG,., WALVE 1
MOUNTED ON THE INBOARD FILL & DRAIN VALVE BODY.

FAILURE MQDE:
FAILS TO OFEN/REMAIN OPEN POST MECD, PRE DUME.

CADSE(S) *

FAILS TO QPEN = BINDING, PIECE PART STRUCTURAL FAILURE, ACTUATQOR FILTER
CLOGGING.,

FAILS TO REMAIN QPEN - PIECE PART STRUGCTURAL FAILURE. -

EFFECT(S) : ON
(A)SUBSYSTEM (B) INTERFACES (C)MISSION (D)CREW/VEHICLE:

{A,B) RESULTS IN LACK OF RELIEF CAPARILITY PRIOR TO OUMP. POSSIBLE
RUPTURE QF THE LOZ MANIFOLD CAUSING LOZ LEARAGE INTS AFT COMPARTHMENT,
QVERFRESSURIZATION, AND FIRE/EXPLOSION HAZARD. TPTOSSIELE LO338 OF ADJACE
CRITICAL COMPONENTS DUE TGO CRYCCENIC EXPOSURE. PC2SIBLE LQSE OF
CREW/VEHICLE.

A VENT PATH EXISTS (AFPROXIMATELY 4 SCFM PER BLEED CHECK VALVE) THROUGH
THE POGC SYSTEM TO THE SSME HPOT SEAL AND RELEASED OVERBOARD. THIS VEW
PATH I8 NOT CONSIDERED SUFFICIENT 70 RELIEVE THE LOZ MANIFOLD IF THE
MANIFGLD RELTEF SYSTEM FAILS.

(¢,D) POSSIBLE LOSS OF CREW/VEHICLE.
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(E) FUNCTICNAL CRITICALITY EFFECTS:
"1R/3, S SUGCCESS PATHS. TIME FRAME ~- LO2 DUMP/INERT.

1,2,1) ALL THREE LJ2 FREVALVES (FV1,3,3J} FAIL TO OQPEN/REMAIN OPEN.
4) EITHER OUTBCARD OR INBOARD FILL & ORAIN VALVE (PV9,10) FAIL 0
OFEN/REMA1IN OFEN.

S) RELIEF SHUTOFF VALVE (PV?) FAILS TO REMAIN QFEN.

RESOLTE IN RUPTURE OF THE 17 INCH FEEDLIWE/MANIFOLD DUE T EXPANCING
LOZ RESIDUALS AFTER DUMP. POSSIBLE AFT COMPARTMENT OVERPFRESSURIZATION
AND FIRE/EXPLOSIVE HAZARD. POSSIELE LOSS OF CRITICAL ALDJACENT
COMPORENTS OUE IU CRYU EXFOSURE. FPOSSIBLE LOSSE QF CREW/YEHICLE.

DISPOSITION & BATIONALE
{A)DESIGN (BITEST (C}INSPECTICN (D)FAILURE HISTORY (E)OCERATICONAL USE:

(A) DESIGN
VALVE

THE YALVE IS A HORMALLY CFEN, TFLAPPER-TYPE JHUTOFF VALVE, WITH A

PHNEUMATIC ACTUATOR. [T IS5 SPRING LOADED TO THE OFEN POSITICN BY A

BELLOWS WITHIN THE ACTUATCOR. IN THE ACTUATOR-VENTED CONDITION THE

BELLOWS SPRIMC FORCE IS TRANSMITTED TQ THE VALVE FLAPPER VIA A BELLOWS .
GUIOE (SHAFT) AND MECHANICAL LINKAGE TOD ROTATE THE FLAPPER AWAY FROM THE
VALVE SEAT. WHEN ACTUATICN PRESSURE IS APPLIED TO THE ACTUATOR THE

BEELIQWS IS CQMPRESSED, CAUSING THE BELLOWS GUIDE AND MECHANICAL LIMKRGE

TIC ROUTATE THE FLAFFER TD THE VALVE CLOSED POSITION. VALVE INLET PRESSURE
AS3ISTS IN HOLDING THE FLAPPER To THE VALVE SEAT.

FAILURE TO RETURN TQ, OR REMATIM IN, THE OPEN POSITICON INDICATES THE
SPRINC (BELLOWS) FORCE HAS BEEN REMOVED FROM THE FILAPPER. THIS {QULD BE
CAUSED BY STRUCTURAL FAILURE OF ANY OF THE FOLLOWING: FLAFPPER ARM,
FLAPPER LINK, ELTHER OF THE TWO LINK FINS, BELLOWS GUIDE QR THE BELLOWS.
STRESS ANALYSES OF THESE COMPOMENTS INDICATE THE VALVE HAS A POSITIVE
MARGTIN OF SAFETY FOR ALL CONDITIONS OF VALVE CQPERATICQNS.

THE FLAPFER VALVE IS OPERATED BY THE BELLOWS THROUGH A FINNED LINKAGE
COMSTITING OF A FLAPPER ARM, A LINK, AND A BELLOWS CUIDE WELDED TO THE
BELLOWS., THE FLAPPER ABM IS MAQDE FRCM COPPER=-BERYLLTUM #1772 AND HEAT
TREATED TG CONDITION HT. THE FLAPPER LINX IS OF 2218-T87 AL AND IS .278
INCHES TRICK. THE PINS ARX AZas CRES AND HAVE A 0.247% INCH DIAMETER.
THE BELLOWS GUIDE IS MACHINED FROM 304L CRES, WHICH IS SUBSEQUENTLY
ANNEALED. THE DBELLOWS IS FQRMED FROM TWQ PLYS OF Q.01 INCH INCOWEL 713§
AND IS HEAT TREATED AFTER FORMING., IT IS DESIGHED FOR 10,000 CYCLES; S
TIMES GREATER THAN THE VALVE SPECIFICATION REQUIREMENT. THE BELLOWS
ASSEMBLY ACCEPTANCE TESTING INCLUDES PROCPF PRESSURE, LEAKAGE, AND
CYCLING. )
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FAILURE TO RETURN TS THE OPEN POSITION COULD BE CAUSED BY BINDING AT LA
OF THE FINNED CUNNECTIONS WITH™N THE FLAPPER LINKAGE (FLAPPER ARM TO
FLAPPER LINK, FLAPPER LINK TQ BELLOWS GUIDE, AND FLAPFER ARM TO CYLINDE]
CLEVIS). THE FLAPPER AFM, FLAPPTR LINK, AND CLEVIS CYLINDER ARE ALL
TREATED WITH A DRY LUBRICANT TO DPREVENT BINDING. BINDING OF THE SLIDIN(
CONTACT SURFACES BETWEEN THE CYLINDER CLEVIS AND BELLOWS GUIDE IS5
PRECLUDED BY TEFLON GUIDE RINGS.

THE ACTUATOR INLET PORT IS EQUIPPED WITH A FILTER TO PREEVENT ACTUATCR
CONTAMINATTON.

2XSTEM

PRESENT SYSTEM CONFIGURATION ALLOWS 12 INCH FEEDLINE VENTING THROUGH sSSP
HPOT SEALS, PRESENT DUMP SEQUENCE PREVENTS EXCESSIVE MANIFOLD PRESSURE
BUILDUF. FLICHT AND GROUND TEST TAPERIENCE HAS SHOWN THAT MANIFOLD
PRESSURE DOES NOT INCREASE TO MINTMUM RELIEF VALVE CRACKING PRESSURE FOF
NOMINAL OPERATION,

{B) TEST

ATP

RMBIENT AND CRYOQ (-3¢0 DEG F} PHOOF
VALVE BODY - 412 PSIG WITH VALVE BOTH OPEN AND CLOSED
ACTUATOR - 127% PSIE :

VALVE RESPQONSE TIMES
AMBIENT - VALVE PRESSURIZED TO S PSIG: ACTUATOR PRESSURIZED TO 780 AN
400 PEIG (OPEN AND CLOSED).
CRYO (-100 DEG F} -
QPENING: VALVE PRESSURIZED TC 180 AND 20 PSIG; ACTUATOR 7BO PSIG
CLCSING: VALVE PRESSURIZED TO 0 AND 220 PSIG: ACTUATOR 780 AND

400 PSIG
EXTERNAL LEAKAGE
AMBIENT AND CRYO (-~300 DEG F} = VALVE BODY 8 5C AND 200 PSIG GHe,
VALVE OPEN; ACTUATOR @ 730 PSIG cHa

INTERNAL LEAKAGE - AMBIENT AND CRYO (=300 DEG F)
INLET TC OUTLET € 50 AND 200 PSIG Gila, VALVE CLOSED

PUSITION INDICATION ~ VERIFICATION OF GPERATION (AMBIENT ONLY)

ELECTRICAL TESTS
ELEATRICAL BONDING; DIELECTRIC; INSULATICN RESISTANCE

CIRTIFICATION ([TWQ UNITS CERTIFIED)

AA_"1_ 1~m1
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VALVE REEBPONSE TIMES

AMBIENT - VALVE PRESSURIZED TO 5 PSIG: ACTUATOR PRESSURIZED TO 786 AND
400 P5IG (CPEN AND CLOSED} .

CRYG (-300 DEG ¥}
OPENING: VALVE PRESSURIZED TO 180 AND 20 PSIG; ACTUATOR 730 PFSIG
CLOSING: VALVE PRESSURIZED TO 0 AND 220 DPSIG; ACTUATOR 7B0 AND

400 BSIG

CRYQ (=400 DEZ )
OPENTING: VALVE FRESSURIIED TO 10 PSIG; ACOTUATOR 720 PSIG
CLOETING: VALVE PRESSURIZED TO 0 AND €0 PSIG: ACTUATOR 730 AND 400

PSIG

EXTERNAL LEAKAGE
AMBIENT -~ VALVE BODY @ 50 AND 200 P5IG GHe, VALVE @QPEN; ACTUATOR @ 780

PSIG GHa
CRYO (-200 DEG F) = VALVE BODY @ SO AND 200 PSIG GHe, VALVE QPEN;

ACTUATOR @ 780 FEIG GHa
CRYQ (—400 DEG F) ~ VALVE BODY B 50 PSIG GHe, VALVE OPEN; ACTUATOR 4

730 PIIG GHa

INTEENAL LEAKAGE
AMBIENT AND CRYD (-300 DES F; - INLET TO QUTLET @ SQ AND 200 PSIG GHa,
VALVE CLAOSED .
CRYO (=400 DEG F] = INLET TQ QUTLET 4 S0 PSIG GEe, VALVE CLOSED

LIFE TEST
CRYO (=400 REG F) = 250 CYCLES AT 200 PSIG AND 250 CYCLES AT 50 Psic

FOQLLOWED BY A CRYQ (-400 DEG F) LEAKAGE TEST
AMBIENT - 1300 CUCLE3 @ 5 PSIG. AFTER EACH 500 CYCLES PERFORM AMBIENT
LEAK TESTS.

VIBRATION
TRANSIENT - (5 = 315 HZ) IM EACH OF THREE AXES, WITH VALVE CLAOSED
RANDOM = (11.3 HOURS IN EACH OF THREE AXES WHILE PRESSURIZED T 200
F5IG, AT —-3100 DEG F, AND WITH THE VALVE CLOSED. FOLLOWING EACH
AXI5 TEST, PERFORM CRYU (-300 DEG F) VALVE RESPONSE TIMES TEST, AND
CRYC {~-300 DEG F) LEAKAGE TESTS (EXCEPT ACTUATCR) .

DESIGN SHOCK (18 EHOCKS OF 15C EACH) - THREE IN EACH DIRECTION oF THREE
AXEZ). UPCN COMPLETION PERFORM AMBIENT VALVE RESPONSE TIMES TEST, AND
AMBTENT LEAKAGE TEETS.

THERMAL CYWCLE TEST = +70 DEG F TO -400 DEG F TO +70 DEG F TO +275% DEG F
TC +150 DEG F TO +70 DEG F PERFORMED THREE TIMES FoLLOWED BY AMBIENT
VALVE RESPONSE TIMES TEST, AMBIENT LEAKAGE TESTS, AND ELECTRICAL
INSULATICH TZST.

ELECTRICAL BONDING (ONE UNIT ONLY)
BUEST TEST (CNE UNIT QGNLY) =-.530 BSTIG WVALVE BODY, 3400 PSIG ACTUATOR

03-1- laeQ2
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OMRSD

V4lA¥O.010 LOZ PROPELLANT VALVE EXTERMAL LEAK TEST (I5)
V41laYO.130 LO2Z PROFELLANT SYSTEM DECRY CHECK (EVERY FPLIGHT)
V41AYO.221 HELIUM SIGNATURE LEAK CHECK (EVERY FLIGHT)

V41BIC.070 PVT RELIEF SHUTOFF VALVE RESPONSE TIME {EVERY FLIGHT)
¥41BI0.230 INFLIGHT VALVE RESPQNHSE (POST FLIGHT DATA ANALYZIS)

¢C) LINSFECTICNH

RECEIVING INSPECTICM
RAW MATERIAIS ARE VERIFIED BY INSPECTION FOR MATERIAL AND DROOTSS
CERTIFICATION. BODY HOUSING FORGING IS ULTRASONICALLY INSDECTTO.

CONTAMINATICON CONTROL
CONTAMINATION CONTROL PROCESS AND CORROSION PROTECTION PROVISTONS ARE
VERIFIED. CLEANLINESS TO LEVEL 400A IS VERIFIED BY INSFECTION.

ASSEMBLY /THSTALIATION

ALL PARTS ARE FROTECTED FRCM DAMAGE AND CONTAMINATION. LOGC OF CLEAN =0

AND TOOL CALIBRATION I5 VERIFIED EY INSEECTICN. DRAWING TORQUE AND

SURFACE FINISH REQUIREMENTS ARE VERIFLED. COMPONENTS ART VISUALLY AND

DIMENSICNALLY INSPECTED OURING FABRICATION, SEALS ARE VISUALLY EXAMINE

FOR DAMAGE AND CLEAMLINESS PRIQR TQ INSTALLATION. MANDATCRY TMSPECTION
. POINTE ARE INCLUDED IN THE ASSEMBELY PROCEDURE.

CRITICAL FROCESSES
HEAT TREATMENT, PARTS PASSIVATION, AND ANCDIZING ARE VERIFIED. ORY FIL
LUBRICANT AFPPLICATION IS VERIFIED BY INSPECTION.

HONDESTRUCTIVE EVALTDATICON
ULTRASONIC INSPECTICN OF BODY HOUSING IS VERIFIED. WELDS ARE DYE
PENETRANT INEFECTED.

TESTING
AIF VERIFIED BY INSPECTION.

HANDLING/ PACKAGING
HANDLING AND PACKAGING FOR SHIPMENT ARE VERIFIED BY INSPECTION.

(D) FAILORE HISTORY

DURING QUALIFICATION TEST, VALVE OPENING RESPONSE TIME WAS 1.55 SECONDS
SHOULD BE 1.3 SECONDS (REF CAR A3547). CORRECTIVE ACTION WAS TO CHANGE
THE OPENING RESFONSE TIME (CRYC TEMPERATURE ONLY) FOR THE HYDROGEN UNIT
TO 2.5 SECONDS. NO HARDWARE SHIPPED WAS AFFECTED. NO FURTHER INCIDENT:
HAVE OCCURED.
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{E} QOFERATIOMAL USE
Lo MANIFOLD PRESSURE IS ON CAUTION AND WARNING.

POST MECC/PRE DUMP: START MFE PROPELLANT DUMF AS 500N AS POUSSIBLE.
POST OCMP: OPEN THE LG2 FILL/DRAIN VALVES.
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